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EXAMINER'S AMENDMENT 
1 . An examiner's amendment to the record appears below. Should the changes 
and/or additions be unacceptable to applicant, an amendment may be filed as provided 
by 37 CFR 1 .312. To ensure consideration of such an amendment, it MUST be 
submitted no later than the payment of the issue fee. 

Authorization for this examiner's amendment was given in a telephone interview 
with pro se Applicant Michael Durina on 12 FEB 2004. 

The application has been amended as follows: 

In the Drawings : 

CANCEL Figures 4 through 4C on sheet number 4 of the drawings. 

In the Specification: 

Replace the current specification with the attached substitute specification. 

In the Claims : 

The following listing of claims replaces all prior versions and listings: 


Claims 1-15 (cancelled). 
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Claim 16 (new) A plasticating apparatus comprising a heatable barrel having inlet and 
outlet openings; a rotating screw having a root, a helical flight disposed about the root 
defining a helical valley, said flight being disposed within and cooperating with an inner 
wall of said barrel; whereby particles of resinous material are introduced through said 
inlet opening to the helical valley extending along the axis of the screw to be plasticated 
by said screw and advanced toward said outlet opening; said screw comprising a feed 
section, a transition section, and a metering section in succession; said flight having a 
generally constant pitch in the feed and transition sections, said root defining a tapered 
terminus at a location between the transition and metering sections wherein an increase 
of the flight pitch begins and said tapered terminus defining a stepped change in said 
root having a length along said axis which is less than or greater than the length of the 
increased flight pitch; a portion of said root downstream of said stepped change in said 
root defining a shallow flight depth in the metering section. 

Claim 17 (new) The apparatus of claim 16 wherein said increase in the flight pitch is 
about 1 .25 to 1 .50 times said constant pitch. 

Claim 18 (new) The apparatus of claim 16 wherein the length of the stepped change in 
the root is about .7 to .9 or 1 .1 to 1 .3 times the length of the increased flight pitch. 

Claim 19 (new) A plasticating apparatus comprising a heatable barrel having inlet and 
outlet openings; a rotating screw having a root, a helical flight disposed about the root 
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defining a helical valley, said flight being disposed within and cooperating with an inner 
wall of said barrel; whereby particles of resinous material are introduced through said 
inlet opening to the helical valley extending along the axis of the screw to be plasticated 
by said screw and advanced toward said outlet opening; said screw comprising a feed 
section, a transition section, and a metering section in succession; said flight having a 
generally constant pitch in the feed and transition sections, said root defining a first 
tapered terminus at a location between the transition and metering sections wherein a 
first increase of the flight pitch begins and said first tapered terminus defining a first 
stepped change in said root having a first length along said axis which is greater than 
the length of the first increased flight pitch; said root defining a second tapered terminus 
downstream of said first tapered terminus wherein a second increase in the flight pitch 
greater than said first increase begins and said second tapered terminus defining a 
second stepped change in said root having a second length along said axis which is 
less than the length of the second increased flight pitch; a portion of said root 
downstream of said second stepped change in said root defining a shallow flight depth 
in the metering section. 

Claim 20 (new) The apparatus of claim 19 wherein said increase in the flight pitch is 
about 1 .35 to 1 .50 times said constant pitch. 

Claim 21 (new) The apparatus of claim 19 wherein the length of the first stepped 
change in the root is about 1 .1 to 1 .3 times the length of the first increased flight pitch. 
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Claim 22 (new) The apparatus of claim 19 wherein the length of the second stepped 
change in the root is about .7 to .9 times the length of the second increased flight pitch. 

* * * 

2. The above changes were made pursuant to MPEP 707.07(j) to place the 
application in immediate condition for allowance. The subject matter of Figs. 4 through 
4C was cancelled in the drawings and substitute specification per Applicant's request. 
New claims 1 6-22 were drafted to define over the prior art and to particularly point out 
and distinctly claiming the subject matter which the applicant regards as his invention 
pursuant to 35 USC 112, second paragraph. The substitute specification is the original 
specification edited for clarity and consistency and to correlate with the claimed 
invention. Missing text in the specification due to scanning errors was reinserted as 
needed. 

3. The following is an examiner's statement of reasons for allowance: The prior of 
record fails to teach or fairly suggest a flighted screw wherein the screw comprises a 
feed section, a transition section, and a metering section in succession; said flight 
having a generally constant pitch in the feed and transition sections, said root defining a 
tapered terminus at a location between the transition and metering sections wherein an 
increase of the flight pitch begins and said tapered terminus defining a stepped change 
in said root having a length along said axis which is less than or greater than the length 
of the increased flight pitch; and a portion of said root downstream of said stepped 
change in said root defining a shallow flight depth in the metering section. 
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4. Any comments considered necessary by applicant must be submitted no later 
than the payment of the issue fee and, to avoid processing delays, should preferably 
accompany the issue fee. Such submissions should be clearly labeled "Comments on 
Statement of Reasons for Allowance." 

5. Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Charles E. Cooley whose telephone number is (571) 
272-1 139. The examiner can normally be reached on Mon-Fri. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Wanda Walker can be reached on (571 ) 272-1 1 51 . The fax phone number 
for the organization where this application or proceeding is assigned is 703-872-9306. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-21 7-91 97 (toll-free). 



Charles E. Cooley 
Primary Examiner 
Art Unit 1723 


12 February 2004 
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Substitute Specification 

TITLE: PLASTICATING SCREW FOR EFFICIENT MELTING AND MIXING OF 

POLYMERIC MATERIAL 

BACKGROUND - FIELD OF INVENTION 

This invention relates to extruders and injection machines of the type in which a 
screw rotatable within a barrel is employed to extrude or inject molten resinous material 
to the outlet port of a plasticating barrel. More particularly, this invention is concerned 
with thorough melting and mixing resinous material at the end of the transition and into 
the metering section of the plasticating screw. 

BACKGROUND DESCRIPTION OF PRIOR ART 

Plasticating equipment commonly used today are of the type which receive 
polymer pellets or powder, heat and work the polymer to convert it into a melted or 
molten state before delivering the molten polymer under pressure through a restricted 
outlet or discharge port. Although there are several different types of plastic polymers 
each having different physical properties, it is desirable that the extrudate leaving the 
typical plasticating equipment be fully melted, homogeneously mixed and uniform in 
temperature, viscosity, color and composition. 

The plasticating apparatus includes an elongated cylindrical barrel, which may be 
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heated at various locations along its axial length, and the screw which extends 
longitudinally through the barrel. The screw has a core with a helical flight thereon and 
the flight cooperates with the cylindrical inner surface of the barrel to define a helical 
valley or channel for passage of the resin to the plasticating apparatus outlet port. 
Although the pitch of the flight can vary it is common to utilize screws of constant pitch. 
The pitch is the forward distance traversed in one full revolution of the flight. It is also 
common that screws have a pitch distance that is equal to the outside diameter of said 
screw. Although there are different screw configurations for different polymer 
compositions, the typical plasticating screw ordinarily has a plurality of sections along its 
extended axis with each section being designed for a particular function. Ordinarily, 
there is a feed section, a transition section and a metering section in series. The 
plasticating screw feed section extends beneath and forward from a feed opening where 
a polymer in pellet, powder or regrind form is introduced into the plasticating apparatus 
to be carried forward along the inside of the barrel. While being carried along said screw 
axis, the polymer is absorbing heat from said heated cylinder. The depth of said helical 
flight of the screw in the feed section is usually large enough to overfeed the solid 
polymer. The overfeeding action serves to compact and pressurize the polymer 
particles and form a solid bed of advancing material in the plasticating apparatus. 

The material is then worked and heated in the transition section so that melting of 
the polymer occurs as the material is moved forward along said screw axis toward the 
outlet port. The polymer is passed through the transition section to reduce the root 
depth of the helical passageway to reflect the volume reduction due to the melting of the 
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feed. The reduction of depth in the transition section also compresses the solid bed of 
pellets or powder. The transition section leads to a metering section, which has a 
shallow root depth helical passageway. The preferred geometry moving from the deep 
feed section to the shallow metering section takes the form of an involute taper 
geometry. The metering section has as its function the exertion of a constant flow rate 
pumping action on the molten polymer. In addition, any unmelted solids should be 
melted in the metering section as well as to mix the melted polymer homogenously. It is 
understood that a polymer cannot be mixed properly until it is first melted. Generally, 
when the metering section begins, if the change in flight depth from feed to metering is 
sufficient and the length of transition sufficient, the resin is at least 90 percent melted. 
As previously stated and as described in U.S. Pat. No. 4,752,136, the root depth of 
the metering section is generally shallow. This shallow depth increases the shear and 
friction in the polymer, which has a tendency to raise the temperature of the polymer 
urging the remaining solids to melt. An increase in shear rate and temperature usually 
has a substantial effect on the viscosity of the polymer. A change in viscosity of the 
material being plasticated in turn affects the flow rate of the material through the 
restricted outlet port. As a result, without the optimum screw configuration, there may be 
a failure to achieve the desired uniformity and output rate of molten polymer, which is a 
significant problem for the plasticating operation. What makes this task even more 
difficult is that the current state of the art challenges us with length to pitch and diameter 
ratios of 12:1 to 27:1 . When there is a demand for a high output rate there is frequently 
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not enough axial length to accomplish all that is desired and a compromise in melt 
quality is experienced. 

It is desirous to have a metering section with a shallow flight depth so as to 
assure that there is a substantial shear rate and good conductive heat transfer from the 
heated cylinder to the polymer. The most effective melting mechanism takes place 
between the heated barrel and the polymer. When using the state of the art constant 
pitch compression screw design that is the most prominent screw in use today, a 
shallow meter depth can only be accomplished with a high compression ratio between 
said feed helical channels and said metering helical channel. The practice of increasing 
the taper to achieve a shallower flight depth in the metering section is proven to be 
counter-productive because as the taper increases the effective melting length of the 
screw decreases. In addition, a high compression ratio cannot be used with many 
polymer types because of excessive shear rates therefore this practice is limited in its 
scope. 

Our invention extends the melting length by utilizing a low volumetric 
compression ratio. In addition, by increasing the flight pitch of the screw at the end of 
the transition section as seen in FIGS. 2 through 3, the polymer is exposed to more 
barrel wall surface area and excellent heat transfer. The increase in the flight pitch also 
increases the velocity between the barrel and the polymer adding a melting and mixing 
effect. And lastly, by stepping the root in cooperation with the flight pitch change, an 
added degree of mixing is achieved. So, one skilled in the art would surmise that our 
invention has created a design that generates a more thoroughly melted and mixed 
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polymeric material without the addition of an expensive, complicated mixing section that 
is typical of advanced screw designs. 

To my knowledge there are no designs that make an attempt to increase the 
flight pitch to achieve a shallower flight depth while maintaining a similar channel 
volume, in addition there is no relationship between the flight and the root like the 
present invention employs. 

SUMMARY OF THE INVENTION 

The present invention is directed to a screw configuration, plasticating apparatus 
and method for improving melting and mixing of resinous material in the metering 
section. 

In accordance with this invention a plasticating screw having a feed section, 
transition section and a metering section in series, the flight pitch normally being 
constant in the feed and transition sections, each section having a flight channel forming 
a specific channel volume when compared with each other forms a compression ratio 
with the volume of the feed section being greater than that of the metering section. Said 
screw having at least one but preferably two or more changes in the flight pitch and root 
diameter at the end of the transition section and through the metering section with the 
root stepped in cooperation with an increase in flight pitch. Said changes that are 
dependent upon the flighted length to screw diameter ratio, screw diameter and resin 
composite. 
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A description of the preferred geometry of the invention follows. 

1 ). The flight depth and pitch of the screw are used to calculate a channel 
volume. The screw is designed to achieve a given ratio between the channel volumes in 
the feed section vs. the metering section. At the end of the transition section a tangent 
point or tapered terminus is reached along the axis of the root that represents a flight 
depth. The flight depth at that tangent point is or tapered terminus used to calculate a 
channel volume. A substantial increase of the flight pitch takes place, the purpose being 
to achieve a similar channel volume with a shallower flight depth. Said change in the 
flight pitch should be at least 1 .25 x (times) the pitch used through the feed and 
transition sections and preferably be about between 1 .25 and 1 .50. An increase in the 
pitch or helix angle of the flight has the effect to expose a greater amount of polymeric 
material to the barrel wall as well as to increase the relative velocity between the barrel 
and the resin. It is well known to those skilled in the art that the most effective melting 
occurs between the hot barrel and the polymeric material. The resultant shallower than 
normal flight channel depth has a greater ability to melt the resin completely because of 
a higher shear rate and more efficient conductive heat transfer even though the 
volumetric compression ratio remains low which assures a longer axial length of melting 
ability. The change in velocity has the effect to add a degree of melting and 
homogenous mixing to the hot resinous material. 
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2) . In the invention, the increase in pitch occurs in conjunction with a change in 
the root diameter, so as the flight pitch increases, the root of the screw transitions from 
a deep flight depth to a shallow flight depth. The stepped change in the root that starts 
at the same tangent point or tapered terminus as the increase in pitch ends preferably 
about between .7 to .9 or 1 .1 to 1 .3 times the length of the increased flight pitch, namely 
upstream or downstream of the end of one complete revolution of the flight. 

3) . An option that executes two flight pitch increases in succession that are 
separated by a constant depth metering section, said first flight pitch is about between 

1 .20 to 1 .30 times the original flight pitch, said second flight pitch is about between 1 .35 
to 1 .50 times the original flight pitch. The first change in the root that starts at the same 
tangent point or tapered terminus as the increase in the first pitch ends preferably about 
between .7 to .9 or 1 .1 to 1 .3 times the length of the increased flight pitch, namely 
upstream or downstream of one complete revolution of the flight. The second change in 
the root ends preferably about between .7 to .9 or 1 .1 to 1 .3 times the length of the 
increased flight pitch, namely upstream or downstream of one complete revolution of 
the flight. It is understood that multiple changes in the flight and root profile while 
subjecting the resinous material to our substantially shallower metering flight depths are 
good for melting and mixing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a plasticating apparatus having a cylindrical barrel and a screw disposed 
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within; 
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FIG. 1 A is an enlarged screw channel cross section; 

FIG. 2 shows a section of a screw flight profile, end of transition through the metering 
section, with a single flight and root change; 

FIG. 2A is the root profile of FIG. 2.; 

FIG. 3 shows a section of a screw flight profile, end of transition through the metering 
section, with a double flight and root change; and 

FIG. 3A is the root profile of FIG. 3. 

DESCRIPTION OF THE PREFFERED EMBODIMENTS 

Referring to FIG. 1, a plasticating screw apparatus can be seen including a 
cylindrical barrel 12 having a cylindrical inner lining surface. The barrel 12 is provided 
with a hopper 18 filled with solid resinous material particles and an inlet port 16 for 
admission of one or more solid particulate resinous materials and any required additives 
or agents. The barrel is also provided with a discharge port 28 for the discharge of 
plasticated molten resinous material. Any conventional heating means 14 can be 
provided on the outside of the barrel 12 for applying heat energy to the barrel 12. 
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Referring to FIG. 1 and 1A, within the barrel 12 is a screw 10 which is rotated and 
sometimes reciprocated by means not shown. The screw 10 includes a single helical 
flight 20 winding around a core 22. The flight includes a flight land 24, which moves in 
close cooperative association with respect to the inner surface of the barrel 12. The 
axial distance between comparable points on the adjacent flights represents the pitch of 
the flight. The helix angle 26 that is formed by the flight in relation to the screw axis is 
shown in FIG 1A. 

A flight 20, a core 22, bounded by a flight 20 and the inner surface of the barrel 
12 define the flight channel 38. The surface of the core 22 is referred to as the root of 
the screw. The screw 10 includes a relatively deep root feed section 30 for the 
admission, heating working and solids conveying of the resinous material, a transition 
section 32 of reducing depth to adapt to the reduced volume of resin due to the 
elimination of air spaces between the solid particles, and a relatively shallow metering 
section 34 wherein the resin is predominantly in a molten state with some amount of 
solid particles remaining. A discharge port 28 is generally employed at the downstream 
end of the metering section 34. 

FIG. 1 A represents an enlarged view of a flight channel 38 while defining the 
components therein such as the helical flight 20 that is wrapped around a core 22 that 
forms a helix angle 26 when compared to the flight and axis 74 of the screw 10, the 
flight 20 being comprised of a leading edge 70 for collecting and advancing resinous 
material towards the discharge port 28, a trailing edge 72 that forms a boundary for said 
channel 38 and a flight land 24 that represents the top of the flight and the outside 
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diameter of the screw 10, that works in close proximity with the inner wall of said barrel 
12. A flight width 25 which represents the distance between the leading edge 70 and 
the trailing edge 72 when measured across the flight land 24. 

Referring to FIG. 2 and 2A, the basic option of the invention is represented, 
working from the transition section 32, that tapers from a generally deep feed depth to a 
shallow metering depth said taper forming a angle 36, advancing along the axis 74 of 
the screw towards the discharge port 28, a flight pitch 40 in the transition section that is 
generally constant with the pitch in the feed section 30, a tangent point or tapered 
terminus 44 between the transition and metering section that signals the start of an 
increase in the flight pitch 42 that is about between 1 .25 and 1 .50 times the original 
pitch 40, said tangent point or tapered terminus 44 that also forms the starting point for 
a stepped change in the root 22 of the screw 10 that is not concurrent with the 
increased pitch 42. The length 46 of the stepped change in the root is generally about 
between .7 to .9 or 1.1 to 1.3 times the length of the increased flight pitch 42 generating 
a measurable length 46 along the axis 74 that exits at a shallow flight depth 54, shallow 
flight depth 54 that is constant for the remainder of the metering section 47. 

A transition section that is tapered from a deep flight depth to a shallow flight 
depth that forms a angle 36, a tangent point or tapered terminus 44 between the 
transition section 32 and the metering section 34, that forms a measurable flight depth 
45, a channel volume that is calculated using the original flight pitch 40 and flight depth 
45. A design that utilizes an increased flight pitch 42 and similar channel volume that 
when calculated generates a substantially shallower flight metering depth 54. A flight 
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depth 54 that is shallow for good conductive heat transfer, a flight pitch that is extended 
for more exposure to the barrel wall, and takes place in cooperation with a stepped 
change in the root. 

Referring to FIG. 3 and 3A, the generally preferred option of the invention is 
represented, working from the transition section 32, and advancing along the axis 74 of 
the screw towards the discharge port 28, a flight pitch 40 in the transition section that is 
generally constant with the pitch in the feed section 30, a tangent point or tapered 
terminus 44 between the transition and metering section that signals the start of an 
increase in the flight pitch 42 that is about between 1 .20 and 1 .30 times the original 
pitch 40, said tangent point or tapered terminus 44 that also forms the starting point for 
a stepped change in the root 22 of the screw 10 that is not congruent with the increased 
pitch 42. The length 46 If the stepped change in the root is generally about between 1 .1 
to 1 .3 times the length of the increased flight pitch 42 generating a measurable length 
46 along the axis 74 that exits at a shallow flight depth 54, shallow flight depth 54 that is 
constant for a distance 47 that varies depending upon the flight length to screw 
diameter ratio, and resin composite. A second tangent point or tapered terminus 48 that 
signals another increase in the flight pitch 50 that is about between 1 .35 to 1 .50 times 
the original pitch 40, said tangent point or tapered terminus 48 that also forms the 
starting point for a stepped change in the root 22 of the screw 10 that is not congruent 
with the increased pitch 50. The length 52 of the stepped change in the root is 
generally about between .7 to .9 times the length of the increased flight pitch 50 
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generating a measurable length 52 along the axis 74 that exits at a shallow flight depth 
55, shallow flight depth 55 that is constant for the remainder of the metering section 53. 
As seen in FIG. 3, the pitch 50 is greater than the pitch 42 which is greater than the 
pitch 40. 

A transition section that is tapered from a deep flight depth to a shallow flight 
depth, a tangent point or tapered terminus 44 between the transition section 32 and the 
metering section 34 that forms a measurable flight depth 45, a channel volume that is 
calculated using the original flight pitch 40 and flight depth 45. A design that utilizes two 
increases in the flight pitch 42 and 50 in succession, separated by a constant depth 
flight section 47 and two stepped changes in the root 46 and 52 that are not congruent 
with the flight pitch, and similar channel volume that when calculated generates a 
substantially shallower flight metering depth 55. A flight depth 55 that is substantially 
shallower than normal and a flight pitch 50 that are substantially longer than normal. 


END 


